A study was conducted in the research area of Agronomy Department, University of Agriculture, Faisalabad during 2014-2015 to evaluate a sustainable and economical wheat-based rotation system under agro-climatic conditions of Faisalabad, Pakistan. Guar, maize, mash bean, mung bean, soybean, millet and some fodders (maize, millet and sorghum) were grown in Kharif season while wheat was the main crop in Rabi season. Wheat-fodder millet-grain maize gave the highest net benefits of Rs. 272062 ha -1 but exhausted the soil. The maximum value of BCR (2.25:1) was achieved in the same rotation that is, wheat-fodder millet-grain maize followed by wheat-fodder maize-mash bean with BCR of 1.86:1. Keeping in view the soil fertility plus economy, the wheat-fodder maize-mash bean cropping system is not only economical for small landholders but also improve soil fertility status as compare to others.
INTRODUCTION
Farmers generally follow the conventional and nutrientexhaustive cropping systems that show a negative trend in crop efficiency. These may include rice-wheat, cottonwheat and mixed-wheat. The traditional mixed cropping system has failed to provide its financial potential in kharif/summer season (Rasul and Mahmood, 2009 ). In cotton-wheat system, cotton is planted in summer and is followed by winter wheat. Cotton occupies a large area of land because it is considered as more profitable crop than wheat. Many efforts have been made to assist the farmers in making thoughtful management choices to stay sustainable in continuously changing climatic conditions in agriculture, but, the best tactic is always a dynamic cropping system approach (Tanaka et al., 2002) . Many cropping patterns implemented by the growers are generally exhaustive and non-productive that not merely leads towards lower revenues but cause continuous drop in the soil productivity too. The cropping systems in areas with limited precipitation are subjected to a wide range of variations in production and profitability (Sharma et al., 2007) . In dry land cropping systems, we can effectively enhance cropping frequency using guidelines for selection of crops (Nielsen et al., 2010) . The inclusion of crops such as oilseeds, legumes, fodders and pulses can *Corresponding author. E-mail: qamarzia.uaf@gmail.com.
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 International License enhance the soil fertility and productivity of cereals (Ahmad et al., 2001; Reddy and Suresh, 2009 ). The significant changes in cropping systems may be induced due to the relative prices rather than productivity (Vivekananda and Satyapriya, 1994; Vyas, 1996) . Present cropping system has become obsolete and local farmers gain minor returns from it. The need of the hour is a revised set of cropping system comprising on advanced and systematic practices of agriculture which will necessarily be cost-effective, feasible, sustainable and suitable to growers in that region (Gill and Ahlawat, 2006) . A cropping system having such qualities is anticipated to enhance the farm productivity with regards to improved farm production, higher water use efficiency and improved utilization of farm labor, farm machinery and all other available resources (Dogan et al., 2008; Ghosh, 1987) . The current research plan was intended to discover economically effective cropping systems in semi-arid climatic conditions of Faisalabad region on sustainable basis concerning the fertility status of the soil. In other words, the current study was planned to propose some feasible alternative crops as a substitute of cotton during kharif/summer season to attain highest agronomic efficiency on sustainable basis from the existing resources.
MATERIALS AND METHODS
This study was conducted on sandy clay loam soil at Agronomic Research Area, University of Agriculture, Faisalabad, Pakistan under prevailing semi-arid climatic conditions of this sub-tropical area during 2014-2015. The experimental area was located at 73° East longitude, 31° North latitude and at an altitude of 135 m above sea level. Soil of experimental area was quite uniform, so a composite and representative soil sample to a depth of 30 cm was obtained with soil auger, before sowing the crops and after the final harvesting. The experiment was laid out with a net plot size of 9.5 m × 6 m in randomized complete block design (RCBD) having four replications. The following crop rotations were tested during the study: T1= cotton-wheat, T2= wheat-guar, T3= wheat-fodder maizemashbean, T4= wheat-fodder sorghum-mungbean, T5= wheatfodder maize-soybean, T6= wheat-fodder millet-grain maize, T7= wheat-mashbean-soybean, T8= wheat-mungbean-grain millet. Cultivars/Varieties used during this experiment was Wheat (Lasani-2006) , Cotton (FH-142), Mungbean (AZRI mung-2006), Mashbean (Mash Arooj), Guar (BR-99), Soybean (PSC-60), Sorghum fodder+grain (Sandal Bar Sorghum), Millet fodder (FB-786), Millet grain (HP-50), Maize fodder (Sadaf) and Maize grain (DK-6789 Hybrid). Wheat crop was sown after the harvesting of kharif and other summer crops in various combinations of rotations. Recommended doses of N-P-K fertilizers and all cultural practices were done for each crop according to the recommendations by Punjab Agriculture Department. Crops were harvested at maturity for grain purpose. However, the cutting of fodder crops was done on recommended time to get good quality forage. Soil chemical analysis was done before and after conducting the experiment to record the following chemical characteristics: Organic matter (%), Total nitrogen (%), available Potassium (ppm) and available phosphorus (ppm) using standard methods (Homer and Pratt, 1961) . Following crop growth parameters was taken for all the crops: Total dry matter production (kg ha -1 ), 1000-grain weight (g) and grain yield (t ha -1 ). The mean economical values were calculated for each rotation using the mean market prices of the produces while marginal analysis, dominance analysis and marginal rate of return were calculated using methodology described in CIMMYT training manual (Cimmyt, 1988) . Treatment means were compared using Tukey's honest significance difference (HSD) procedure (TUKEY, 1953) .
RESULTS AND DISCUSSION

Total dry matter
Data showed significant effect of wheat based cropping rotations on the total dry matter of wheat crop. The maximum (14893.50 kg ha -1 ) total dry matter of wheat was observed in wheat -mashbean -soybean cropping system followed by wheat -guar cropping system (14214.03 kg ha -1 ). The cropping system viz. wheatfodder maize-mashbean, wheat -fodder sorghummungbean, wheat-fodder maize-soybean and wheatmungbean-grain millet produced 13661.43, 13631.21, 13607.68 and 13534.56 kg ha -1 wheat dry matter and these were statistically similar with each other. The conventional cotton-wheat system produced 12686.33 kg ha -1 dry matter and it was the least one from other cropping systems. Wheat -mashbean -soybean, wheatguar, wheat -fodder maize -mashbean, wheat -fodder sorghum -mungbean, wheat -fodder maize -soybean, wheat -mungbean -grain millet and wheat -fodder millet -grain maize cropping systems produced 15, 11, 7, 7, 7, 6 and 4% higher wheat total dry matter over conventional cotton -wheat system. Increase in total dry matter and yield of crops with the inclusion of legume and other restorative crops were also observed by Ahmad et al. (2001) and Reddy and Suresh (2009) .
Grain yield
Data showed significant effect of wheat based cropping rotations on the productivity of wheat crop. The result indicates the achievement of better yield in different wheat-based rotations. The maximum (4.60 t ha -1 ) wheat yield was observed in wheat-mashbean-soybean cropping system followed by wheat-guar cropping system (4.39 t ha -1 ). The cropping system viz. wheat-fodder maize-mashbean, wheat -fodder sorghum -mungbean, wheat -fodder maize -soybean and wheat -mungbeangrain millet produced 4.22, 4.21, 4.21 and 4.18 t ha -1 wheat and these were statistically at par with each other. The conventional cotton -wheat system produced 3.91 t ha -1 of wheat. The possible reason of higher yield may be due to inclusion of legumes in these wheat-based rotations. The current wheat was sown after the harvesting of spring and autumn crops resultantly the better crop as well as soil productivity. It was mainly due to incorporation of legumes crops in rotations. Wheatmashbean -soybean, wheat -guar, wheat -fodder maize -mashbean, wheat -fodder sorghum -mungbean, wheat -fodder maize -soybean, wheatmungbean -grain millet and wheat -fodder milletgrain maize cropping systems produced 15, 11, 7, 7, 7, 6 and 4% higher wheat grain yield over conventional cotton-wheat system. In case of fodder production of the existing cropping systems, the maximum fodder yield (58.73 t ha -1 ) was recorded in wheat -fodder maize -mashbean cropping system followed by wheat-fodder maize-soybean cropping system and both were statistically at par. It is concluded that with the exhaustive crops, restorative crops must be incorporated in the existing wheat based cropping systems in order to attain higher productivity of wheat crop and maintain soil health. The results are quite similar to the findings of Ahmad et al., (2001) and Reddy and Suresh (2009) (Table 1) .
Soil fertility
The data on different soil parameters recorded before planting of crop and at end of year after harvesting of second crop revealed that maximum organic matter (0.86%) was left in the soil by wheat -mashbean -soybean cropping system followed by wheat-fodder maize -mashbean. The possible reason of increment in organic matter is due to consecutive sowing of two pulses as well leguminous crop in this system. The maximum nitrogen (0.055%) was left in the soil by wheatmashbean -soybean cropping system followed by wheat-fodder, maize -mashbean (0.05%) and wheat-mungbean-grain millet (0.05%).
Depletion in nitrogen was recorded by cottonwheat and wheat-fodder millet-grain maize cropping systems. The maximum available phosphorus (8.45 ppm) was noted in the soil by wheat -mashbean -soybean cropping system followed by wheat-guar (8.24 ppm) and wheatmungbean-grain millet (8.15 ppm). However, reduction in available phosphorus was recorded by cotton-wheat (7.43 ppm) and wheat-fodder millet-grain maize (7.62 ppm) cropping systems. The maximum potash (166 ppm) was recorded in the soil by wheat -mashbean -soybean cropping system followed by wheat-guar (165 ppm) and wheat-fodder maize-soybean (162 ppm). The minimum amount of potash (147 ppm) was noticed in wheat-fodder millet-grain maize cropping system. Ghosh, (1987) also reported that addition of legumes and pulses into existing cropping systems can enhance soil fertility (Table  2) .
Economic analysis
Benefit-cost ratio (BCR)
Benefit-Cost Ratio (BCR) is informal approach for making decisions of any kind. A ratio of greater than one shows that the system is a viable one. The maximum value of BCR (2.39: 1) was achieved in wheat -fodder millet -grain maize followed by wheat -fodder maize -mashbean with BCR of 1.87: 1. It was due to less cost of production of grain maize crop and it gave the maximum net return due to high grain yield and market price. The minimum value of BCR (1.47:1) was achieved in wheat -guar cropping system. The reason for low BCR is the less production of guar crop. Wheat -fodder maize -soybean and net benefit. The maximum MRR (477.68%) was calculated in wheat -fodder millet -grain maize cropping system followed by wheat -fodder maize -mashbean system with MRR of 245.25% (Tables  4 and 5 ).
